The …rst contribution of this paper, following the works of Lettau and Ludvigson (2001a,b), is construction of the Japanese consumption-wealth ratio data series and to examine whether it explains Japanese stock market data. We …nd that the consumptionwealth ratio does not predict future stock returns, but it does help to explain the cross-section of Japanese stock returns. The second contribution of the paper is that we propose new consumption-wealth ratios in terms of which we more explicitly deal with household real estate wealth utilizing Japanese aggregate level data. Such "real estate augmented"consumption-wealth ratios work in a similar way, but perform better than, the consumption-wealth ratio calculated with only …nancial wealth data. While the scaled factor model with the consumption-wealth ratio proposed by Lettau and Ludvigson performs relatively well with Japanese data, the book-to-market related anomaly pointed out by Jagannathan et al. (1998) remains strong. JEL Classi…cation: E21, G12. Keywords: consumption-wealth ratio; cointegration; cross-section of stock returns.
Introduction
The consumption-based model is among the most important benchmarks in asset pricing models in …nancial economics. Yet, its empirical performance with a structural Euler equation using aggregate consumption data has been a major disappointment (see Campbell [2003] for a recent survey). Hence, recent studies started looking into di¤erent aspects of the consumption-based model. One attractive research strategy is to use disaggregate consumption data, which has been explored by authors such as Mankiw and Zeldes (1991) and Vissing-Jorgensen (2002) . More recent studies including Lettau and Ludvigson (2001a,b) , Parker and Julliard (2005) , and Yogo (2006) examine, using aggregate data, long-run restrictions implied by consumption-based models, and they obtain useful results. In particular, Lettau and Ludvigson (2001a,b) consider the long-run cointegration relationship between consumption and household wealth. They propose to use the "cay" variable, which is in essence the consumption-wealth ratio of the household sector, in both predicting aggregate stock returns and explaining cross-sectional patterns of the US stock market.
We examine whether Lettau and Ludvigson's framework works with Japanese data in this paper. As we discuss in detail, there is a signi…cant di¤erence in the Japanese and US de…nition of household wealth regarding the treatment of real estate, so that Japanese data is not and cannot be fully comparable with the US data used by Lettau and Ludvigson. Although there are some other studies examining the same problems in the Japanese market, we take advantage of our familiarity with the data here 1 . We carefully construct a Japanese consumption/…nancial wealth data set and propose three alternative "cay"variables. Then, we test whether our "cay"s forecast future stock returns (Lettau and Ludvigson [2001a] ) and whether they help to explain cross-sectional stock 1 There are at least two other unpublished papers examining Lettau and Ludvigson's framework with Japanese data. Gao and Huang (2004) examine similar topics to those we are examining in this paper. However, our data construction is much closer to that of Lettau and Ludvigson. Therefore, there are signi…cant di¤erences between our empirical results and those of Gao and Huang. Matsuzaki (2003) uses a Japanese data set that is very similar to ours. However, his de…nition of consumption is slightly di¤erent from ours. This allows him to examine aggregate stock return predictability using a longer data series. He did not …nd any signi…cant predictability in stock returns for his full sample or the subsample corresponding to our full sample. Therefore, his results on return predictability are consistent with our …ndings. On the other hand, Matsuzaki does not examine cross-sectional patterns. Neither Gao and Huang (2004) nor Matsuzaki (2003) include real estate wealth in their analysis.
returns (Lettau and Ludvigson [2001b] ). We obtain a negative result for the …rst question, but a positive result for the second question.
Of the three "cay" variables we propose, the …rst one totally ignores household real estate wealth. Of the other two, one treats real estate wealth separately from …nancial wealth and also uses land price data that is supposedly closer to the actual transaction price than the data used for the other "cay."
Although all three "cay"s provide similar empirical results, such di¤erences in de…nitions allow us to examine the relative importance of real estate wealth in the consumption-based pricing model. The empirical results of this paper suggest that considering real estate wealth separately from …nancial wealth improves the usefulness of "cay" in explaining a cross-section of Japanese stock returns 2 .
The remainder of this paper is organized as follows. In Section 2, we summarize the framework proposed by Lettau and Ludvigson and make some extensions. Section 3 discusses how the data is constructed and "cay" is calculated for Japan. Section 4 presents our main empirical results. Section 5 provides concluding remarks.
2 Analytical framework Lettau and Ludvigson (2001a,b) use the cointegration among consumption, nonhuman wealth, and human wealth to draw various implications for stock returns.
In this section, we …rst summarize their framework and then extend it for the analysis of the Japanese data.
Lettau and Ludvigson' s basic framework
The argument by Lettau and Ludvigson starts from the following general intertemporal budget constraint:
where W t is total wealth and C t is the consumption of households. Applying the log-linear approximation (Campbell [1991] ; Campbell and Shiller [1988] ) to
(1), we get the following relationship:
where lowercase letters are natural logs of the variables in equation (1) and log return on total wealth, i.e., r w;t+1 ln(1 + R w;t+1 ):
The di¤erence equation (2) is solved forward assuming the following "no bubble" condition:
After some calculations, the following expression for the ex post log consumptionwealth ratio c t w t is obtained:
When consistency of investors' expectations is assumed, the following ex ante expression must also hold:
To draw empirical implications, Lettau and Ludvigson assume that household total wealth consists of nonhuman wealth a t and human wealth h t , i.e., the net present value of the future labor income stream:
Later, we extend this de…nition of household wealth to deal with real estate wealth more explicitly.
Under the assumption of (5), the log return on total household wealth is written as follows:
Because human wealth h t cannot be observed, Lettau and Ludvigson assume it is a linear function of current labor income y t , so that h t = + y t + z t , where z t is a random noise term. Substituting (5) into the ex ante budget constraint (4) and substituting out h t using y t , we obtain the following:
All right-hand side variables in (7) are stationary, so the sum of the left-hand side should be stationary too. This implies that we have a stationary relationship among fc t ; a t ; y t g. Lettau and Ludvigson estimate the cointegration regression corresponding to the left-hand side of (7) and obtain the variable cay t as its residual:
Because ! is not time varying, this is essentially the log consumption-wealth ratio, in which the total wealth of households is de…ned by the sum of …nancial and human wealth. Lettau and Ludvigson (2001a,b) estimate (8) by the dynamic least squares technique of Stock and Watson (1993) , which speci…es a single equation taking the following form:
where denotes the …rst di¤erence operator. We denote the estimated trend deviation by d cay = c t ^ a a t ^ y y t , where "hats"denote estimated parameters. (7) and (8) is replaced by f w t = ln F W t in actual calculation of our …rst d cay variable: In our third approach, we use the urban area land price index (Shigaichikakaku-shisu) tabulated by the Japan Real Estate Institute (JREI). The coverage of JREI's index is narrower than the coverage in the SNA data and is concentrated in urban areas. However, it is reported more frequently, on a semiannual basis, at the end of March and September each year. It is also widely believed that the characteristics of the JREI's index are much closer to those of the transaction data than the SNA data of real estate wealth, so that it is more widely used in previous research on Japanese land prices. We denote JREI's index by U X t and include its natural log ux t separately in the cointegration regression, as a wealth component independent of both …nancial f w t and human wealth y t . Then, we estimate the four-variable cointegration system to obtain our third cay t series:
Some extensions for Japanese data
We have to be careful in interpreting the usefulness of d cay (2) There are some additional reasons why explicitly dealing with real estate data such as in the estimation of d cay(3) will be an important addition to the existing research. First, among those who are interested in the Japanese macro economy, it is widely believed that the land price bubble and its bursting have been a major source of Japanese economic stagnation in the last 15 years. Hence, investigating the role of real estate wealth in explaining …nancial asset returns will be of interest to many researchers. Second, while US ‡ow of funds data include real estate wealth, some recent studies such as Lustig and Van Nieuwerburgh (2005) and Lustig et al. (2007) attempt to calculate a better measure of real estate wealth. So utilizing existing aggregate measures of Japanese real estate wealth will shed some new light on the research in this area. 4 We calculate the alternate d cay(3) using dummy variables as follows: From the original semiannual JREI index data, we …rst calculate the semiannual d cay(3) series for March and September observations. Then, we estimate asset pricing models using the ordinary FamaMacBeth procedure with quarterly data. In the …rst step, a quarter-lagged d
cay (3) is used for the June/December observations, with the additive dummy variable for the coe¢ cient. This procedure gives essentially the same results as the empirical results reported in Section 4.2 using the interpolated d cay(3).
Calculation of d cay
Our consumption series C t is household expenditure on nondurables and services, excluding shoes and clothing. This de…nition of consumption follows the US benchmark of Lettau and Ludvigson (2001a,b) . Our labor income data Y t is adjusted household income minus …nancial income. Both data series are taken from the Japanese Cabinet O¢ ce's Annual Report on National Accounts.
Financial wealth F W t is household net worth including housing loans measured at the end of each period, but not real estate wealth. The data are from the Bank of Japan's Flow of Funds. Real estate wealth data RW t used for the calculation of d cay(2) correspond to the entry titled "Land and others (Tochi sono ta)" in national wealth data in the Annual Report on National Accounts.
"Land and others" includes forests, mining, and …sheries as well as real estate.
It is reported once a year, at the end of the calendar year.
In our third approach, we use the urban area land price index tabulated by the JREI in calculating d cay (3) 5 . The JREI releases di¤erent types of indexes, and we use the one o¤ering the widest coverage, the index of the "nation wide average" for "all purposes" for the series U X t .
Unfortunately, our consumption series only goes back to 1970. On the other hand, the release of real estate wealth data RW t in the national wealth statistics is very slow and this limits the availability of recent data. Therefore, our full sample starts with the fourth quarter of 1970 and ends with the …rst quarter of 2005, a total of 126 observations. We also consider the subsample that starts from the …rst quarter of 1977, with 110 observations, because the cross-section data we use later starts from this date.
An additional problem arises in estimating d cay(3) is that because U X t is a price index, it is di¢ cult to fully rationalize the use of its per capita value.
For this reason, we also estimate a cointegration regression for d cay(3) using the aggregate variable. Cointegration regressions for d cay(1) and d cay(2) are estimated using both aggregate and per capita variables. However, we report only the estimation results using the aggregate variables here, and later discussions con…rm that d cay(1) and d cay(2) calculated from aggregate and per capita data are almost identical. Table 1 reports full sample and subsample estimation results of the cointegration systems (9) for the three di¤erent d cays 6 . All estimated coe¢ cients in Table 1 have the expected signs and are statistically signi…cant at the 5% level, except that the subsample estimate of ux t 's coe¢ cient in panel (3) is signi…cant only at the 10% level. The estimated coe¢ cients are somewhat similar to each other for the full sample and subsamples.
[Insert Table 1 here]
In Table 2 , we check the di¤erences between the d cays estimated using the aggregate and per capita variables, and for the full sample and subsamples.
Panel (1) [Insert Table 2 here] (1) of Table 2 .
[Insert Figure 1 here]
4 Empirical results
Forecasting stock returns
In this section, we examine whether cay helps forecast future stock returns and whether it helps to explain cross-sectional stock returns with Japanese data.
First, we brie ‡y discuss our empirical results in relation to the …rst question.
While Lettau and Ludvigson (2001a) …nd that d cay predicts future stock returns in the US, we …nd this is not the case for Japan. In Table 3 , we report the one-quarter forecast of stock returns using the di¤erent d cay series and ad- [Insert Table 3 here]
However, we consider this result unsurprising. In the second half of the 1980s, Japan experienced a tremendous stock market boom of historical magnitude (Ito and Iwaisako [1996] ). It was followed by a sharp decline in [1990] [1991] [1992] and prolonged stagnation through the 1990s, known as Japan's lost decade. Because the sample contains such a signi…cant one-time boom and bust in stock prices, any study on Japanese aggregate stock returns including this period faces a major di¢ culty. We will reexamine this issue in subsection 4.3, after we discuss our cross-sectional empirical results.
Among the additional controls, including the log price-dividend ratios PDR seems to improve the forecastability even though the estimated coe¢ cients are not statistically signi…cant. The short-term interest rate variable RREL and the term-structure variable TRM do not help forecast stock returns. Because the sample period includes the recent zero-interest rate policy period by the Bank of Japan and does not include any signi…cant change in the in ‡ation rate, these empirical results seem reasonable.
Explaining cross-sectional stock returns
Next, we examine whether d cay helps to explain cross-sectional Japanese stock returns using 25 Fama-French portfolios. We use the data from Nikkei Media
Marketing, whose data construction closely follows the series used by Keiichi Kubota and Hitoshi Takehara 7 . Our Fama-French factors, SMB and HML, are also constructed from this data set. We convert all asset returns and factor data to a quarterly basis to implement the empirical analysis using the d cay variable.
Following Lettau and Ludvigson (2001b) , we use the Fama-MacBeth twostep approach to examine the performances of alternative factors in explaining cross-sectional Japanese stock returns. In the …rst step, quarterly portfolio returns are regressed on alternative sets of factors F t and conditioning variables Z t 1 . r i;t = 0 + F t 1;i + Z t 1 2;i : i = 1; ::; I Then, in the second step, average returns are regressed on the betas estimated in the …rst step:
Our risk factor F t includes market portfolio (Rvw), labor income growth y t , and the Fama-French SMB and HML factors (SM B and HM L). As proposed by Lettau and Ludvigson (2001b) , we include d cay t 1 as the conditioning variable and also use it as a scaling variable to obtain the scaled factors, "d cay t 1 Rvw t "
and "d cay t 1 y t ".
We run and compare various speci…cations using the Fama-MacBeth twostep approach and the results are summarized in Table 4 . In panel (A), the average returns of portfolios are reported in a 5 5 matrix. On average, realized returns are higher with the portfolios of smaller size and of higher B/P. However, within the same B/P groups, the ordering of average returns do not necessarily correspond to the …rm size. Hence, the size e¤ect seems to be limited and the e¤ect of B/P is much more prominent in the Japanese market.
Panels ( [Insert Table 4 here]
However, when we consider the SMB and HML factors separately, we observe some clear di¤erences between Japanese and US empirical results. In row 4 of Table 4 , the combination of market portfolio and HML factor explain 70% of the cross-section of Japanese stock returns. On the other hand, the "market portfolio plus SMB"explains only 32% in row 3. These patterns found in panel (A) and (B) are consistent with the …ndings by Jagannathan et al. (1998) about Fama-French factors in the Japanese market: Examining Jagannathan and Wang's (1996) conditional CAPM with Japanese data, they …nd that the size e¤ect is absent in the Tokyo market. They also report that the HML factor is more e¤ective in explaining cross-sectional patterns in Japanese than in US empirical results.
In panel (C), we report the estimation results for "the scaled factor model", including "d cay t 1 Rvw t " and "d cay t 1 y t " as suggested in Lettau and Ludvigson (2001b as a conditioning variable. The latter speci…cation has more explanatory power, R 2 being around 90%. This is not surprising as we have seen the signi…cance of the HML factor and the absence of the size e¤ect in Table 4 . Row 3 adds the conditioning variable d cay(3) and row 4 adds the SMB factor to row 2's speci…cation. Neither of them seem to add additional information in explaining the cross-section of Japanese stock returns. The result in row 3 implies that the source of explanatory power of d cay(3) somewhat overlaps with that of the HML factor in Japan.
[Insert Table 5 here]
Overall, the empirical results presented here suggest that the scaled factor model suggested by Lettau and Ludvigson (2001b) performs relatively well with Japanese data. It performs much better than the combination of the market index and SMB factor (Table 4 , row 3) and very close to the speci…cation including the market index and HML factor (row 4). However, the importance of the HML factor in the Japanese market does not diminish even in comparison with the scaled factor model. The book-to-market related anomaly pointed out by Jagannathan et al. (1998) , in the context of the conditional CAPM with labor income, remains strong in our setting as well.
Robustness check
The empirical results for the cross-section returns in this paper perhaps requires robustness checks for two reasons. cant. This is partly attributable to the limited size of our quarterly data set, but Jagannathan et al. (1998) face the same problem even though they use monthly data. This may not be a concern; however, we will check the robustness of the results anyway. 8 Those who analyze recent Japanese savings rate ‡uctuations in the framework of dynamic general equilibrium models such as Chen et al. (2006) emphasize the "decline" of the savings rate, referring to the ageing population and productivity growth slowdown as the main sources of the "decline." However, as the Japanese economy has recovered from the recession in the mid 2000s, the savings rate has experienced substantial ‡uctuations.
Discussions
While the consumption-wealth ratio d cay helps to explain some aspects of Japanese stock returns, the way it contributes to the performance of the asset pricing model is somewhat di¤erent from the US result reported by Lettau and Ludvigson (2001b) . Furthermore, the Japanese d cay is not very useful in predicting future stock returns. Such US-Japan di¤erences require some explanation.
The theoretical framework proposed by Lettau and Ludvigson imposes the "no bubble" condition (3) in deriving an expression for the log consumptionwealth ratio. This condition rules out rational "bursting bubble"type deviations from the fundamentals (Blanchard [1979] ; Blanchard and Watson [1982] ), in favor of time-varying expected returns. One possible interpretation of Japanese asset price bubbles in the late 1980s is that such a "no bubble" condition had been actually violated in this period. If so, the lack of predictive ability of the Japanese consumption-wealth ratio is not very surprising.
Alternatively, we may interpret large asset price ‡uctuations during the bubble period as a re ‡ection of the fact that the stock market and household consumption are only loosely connected in Japan compared with the US. In this respect, Japan is not an outlier among developed economies. Correlations between stock returns and consumption growth are often very weak and sometimes even negative except for English-speaking countries, in particular Canada, the UK, and the US (see Campbell [2003] , Table 4 ). Therefore, signi…cant …nancial asset price appreciations can occur without causing a corresponding increase in consumption. Hence, the d cay can deviate from the long-run equilibrium more persistently, because the adjustment process will require a much longer time to return back to the long-run equilibrium. Hence, stock returns may also be predictable in Japan for the very long run, for example, more than a …ve-year period. Because our sample size is relatively small, statistical inference on such long-run predictability is extremely di¢ cult.
We prefer this second interpretation because it is easier to justify the usage of the scaled factor model in explaining cross-sectional returns than the …rst model. Even if d cay were not useful in predicting market returns in the immediate future, its movement might be capturing the longer-run change in market conditions that a¤ects the time-variation of sensitivities to the risk factors. Both interpretations of the asset price bubble in the late 1980s provide sensible explanations for why d cay is not very helpful in forecasting the short-run dynamics of the Japanese stock market. Unfortunately, they cannot be di¤erentiated in the …nite sample because both imply that asset prices eventually return to their fundamental values after a certain period of time.
Concluding remarks
In this paper, we examined whether the consumption-wealth ratio, d cay, can explain Japanese stock market data. We carefully construct three d with existing US results in Lettau and Ludvigson (2001a,b) . In future research, we would like to explore our empirical results in detail and examine their economic interpretations, including the di¤erent time-series behaviors of di¤erent d cays.
In particular, while our d cay(3) using the JREI index is the most useful of the three d cays we consider in this paper, we use the index o¤ering the widest coverage in its calculation. It will be interesting to calculate d cay using narrower JREI indexes such as more concentrated in usage (commercial/residential) and in regional coverage, because commercial land prices in large cities tend to be more sensitive to macroeconomic conditions. Stock and Watson (1993) with eight leads and lags.
Sample period is the …rst quarter of 1977 to the fourth quarter of 2004. The left-hand side variable is c t , household expenditure on nondurables and services, excluding shoes and clothing. f w t is the household net …nancial wealth in the Bank of Japan ‡ow of funds data. aw t is the sum of …nancial wealth and stock value of land in the SNA data. ux t is the urban land price index of the Japan Real Estate Institute (nation wide and all purposes). All variables are in real terms and in natural log. In parentheses under estimated coe¢ cients are t statistics calculated using the Newey-West method (lag truncation = 4).
(1) Cointegration regression for d
cay (1 B/P (book-to-market): 1 = lowest; 5 = highest.
Size (…rm size): 1 = smallest; 5 = largest. Table   4 , panel (B), row 1. Table 4 , panel (C), row 7-(3).
